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To the high country, 


"Walk away quietly in any direction and taste 
the freedom of the mountaineer." 


--John Muir 
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ABSTRACT 


Eutamias minimus and E. amoenus are altitudinally 
parapatric in the southern Alberta Rocky Mountains, EB. Mm. 
oreocetes occupying the alpine and E. a. luteiventris 
occupying the forest. I investigated the roles of habitat 
selection and interspecific agonism in the parapatric 
relationship between the two species in southern Alberta. 

Although both species were observed to utilize 
tree islands in the narrow subalpine zones on the steep 
slopes of a valley, neither species was observed in the 
broad subalpine on the valley floor. 

Field-experienced individuals of both species 
selected rock over trees during habitat selection 
experiments in the laboratory. Laboratory-raised minimus 
selected rock over trees, while laboratory-raised amoenus 
had no significant preferences. I conclude that minimus 
has evolved an innate preference for the cover quality of 
talus because talus is the only continuous cover with 
vertical. depth available in the alpine. Amoenus may learn 
to select talus because of its cover quality, but does not 
inherit such a preference because of the variety of cover 
types available in the forest. 

Amoenus was aggressively dominant over minimus in 
simultaneous introductions of one individual of each 


species into artificial habitats. In agonistic tests where 
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minimus was in residence for one day prior to the 
introduction of amoenus, both species won the same number 
of matches, but minimus won a significantly larger number 
of total encounters. Thus, the residency of a chipmunk 
may be important in the puteone of agonistic encounters, 
and may explain the apparent exclusion of amoenus from the 
alpine. 

North of the Bow River in the Rocky Mountains of 
nape rea: minimus and amoenus are geographically 
parapatric, E. m. borealis and E. a. ludibundus both 
occupying forest habitats. In habitat BeTecni on 
experiments using field-experienced individuals, minimus 
selected rock, whereas amoenus selected neither habitat 
during the day and rock during the night. The lack of 
preference by E. a. ludibundus during the day may be 
related to behavioral adaptations of that subspecies to 
the closed canopies of its forest habitat. 

Again, E. a. ludibundus was dominant over E. nm. 
borealis in laboratory agonistic tests. The relationships 
of interspecific aggressive dominance to competitive 
exclusion and habitats occupied by potentially competing 
species are discussed. 

The probable routes of dispersal into Alberta of 
the four subspecies are discussed. The origin of E. m. 
oreocetes is considered in relation to its zoogeography | 


and the results of the habitat selection and interspecific 


agonism experiments. 
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INTRODUCTION 


The role of habitat selection in competitive 
exclusion has not been documented for chipmunks. Harris 
(1952) reported the effect of habitat selection on the 
habitat segregation between two subspecies of the deer 
mouse, Peromyscus maniculatus. Murie (1969) tested two 
species of Microtus for wet or dry soil preferences in 
relation to habitat segregation. Rosenzweig (1973) 
examined the effects of habitat selection on the 
coexistence of two species of heteromyid rodents. My study 
examines the roles of habitat selection behavior and 
interspecific agonism in the apparent competitive exclusion 
between two species of chipmunks with contiguous 
distributions in Alberta. 

Montane chipmunks present interesting problems of 
competition. Of the 16 species of Eutamias recognized in 
North America (Hall and Kelson 1959), all are present in 
the west, while only one resides in the east. This large 
number of western species reflects the large scale 
fragmentation of habitats and resultant isolation of 
populations in the mountainous west (MacArthur 1972). 
Sympatry occurs among some of these species in mountainous 
areas (Merriam 1897). Ingles (1965) listed nine species 
of Eutamias in one east--west transect of the Sierra 


Nevada in California. Although each is geographically 
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Sympatric with its neighbors, the species are altitudinally 
zoned and seemingly parapatric, each associated with a 
particular plant (ikesweae (Johnson 1943). 

Several recent studies dealt with interspecific 
competition in chipmunks. Brown (1971), Heller (1971), 
and Sheppard (1971) studied possible effects of 
interspecific aggression between contiguous species and 
concluded that interspecific dominance relationships were 
important in confining each species to its respective 
habitat. The above duthors; however, indicated that 
habitat selection may play a more proximate role in habitat 
utilization. Heller and Gates (1971), and Heller and 
Poulson (1972) studied possible physiological differences 
between contiguous species in California, to auteraine if 
dash adseserenees were related to habitat segregation. 

Heller (1971) and Sheppard (1971) separately 
studied two groups of chipmunks, each with one species 
living solely in the alpine, and came to different 
conclusions concerning the alpine species and their 
relationships to their congeneric neighbors and their 
habitats. On the east slope of the Sierra Nevada, four 
species of chipmunks are parapatric and altitudinally 
zoned according to major plant life-zones. Heller (1971) 
tested the four species for interspecific aggressive 
dominance in the laboratory. He found that the alpine 
species, E. alpinus, was dominant over its neighbor, 


E. speciosus of the lodgepole pine zone; and that 
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E. amoenus, of the pinon pine--sagebrush zone, was dominant 
over both its neighbors, E. minimus of the sagebrush zone 
and E. speciosus. He attributed the dominance of alpinus 
to its habitat, postulating that an aggressive species, in 
order to secure feeding areas for individuals, would evolve 
in a habitat of little vegetative cover and sparse food 
supply. Heller also attributed the dominance of amoenus 

to its habitat, postulating that aggression was favored in 
this species for defending a sparse food source of pinon 
pine nuts and suitable cover (shade) from the heat (Heller 
and Poulson 1972). 

In the southern Alberta Rocky Mountains, E. minimus 
is largely restricted to alpine habitat, but its 
distribution narrowly overlaps that of E. amoenus in the 
"subalpine forest." Eutamias amoenus is found in open 
forests and clearings in the valleys (Sheppard 1971). 
Sheppard demonstrated that amoenus was dominant over 
minimus in tests of aggression in the laboratory. He 
postulated that the forest was the optimum habitat for both 
species, but amoenus prevented minimus from establishing 
in the forest through aggressive encounters. This contrasts 
with Heller's (1971) conclusion that alpine chipmunks would 
be more aggressive than species in the lower forest habitat. 

In Alberta, Soper (1964) reported two subspecies 
each of the yellow-pine chipmunk, E. amoenus (Allen), and 
the least chipmunk, E. minimus (Bachman) (Fig. 1). North 


of the Bow River, Hollister's chipmunk, E. amoenus 
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ludibundus, is found in the forest of the mountains along 
the Continental Divide, while the little northern chipmunk, 
E. minimus borealis (Allen), is found in the forest of the 
mountains east of the range of E. a. ludibundus and in the . 
boreal forest. The subspecies studied by Sheppard (1971) 
are present south of the Bow River and are altitudinally 
parapatric: the buff-bellied chipmunk, E. a. luteiventris 
(Allen) in the forest, and the timberline chipmunk, E. m. 
oreocetes Merriam, in the alpine. If interspecific 
dominance relationships in the north are similar to those 
south of the Bow River, the change in habitat relationships 
between the northern and southern subspecies suggests that 
aggressive interaction may not be the only factor defining 
the: habitat utilized. by: each’ species.. The habitat 
utilized may be determined more proximately by habitat 
selection and its relationship to the evolutionary and 
geographic history of the species. 

In this study I define the term habitat selection 
as the behavior of selecting a preferred habitat. iE 
' distinguish habitat selection from habitat utilization, 
the occupation and use of a habitat. The habitat utilized 
by a species may not be the habitat that is preferred by 
that species. A competitor may prevent a species from 
occupying its preferred habitat. 

However, the behavior of selecting a preferred 
habitat may be the result of a competitive relationship. 


By learning or inheriting a selective response to habitat, 
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individuals may avoid habitats where interspecific 
competitors are present, and thereby avoid interaction. 

As Grant (1972:99) pointed out "if permitted by the 
environmental resources, the relationship evolves towards 
an absence of interaction, as this is the most conservative 
of energy.” 

Thorpe (1945), Klopfer (1963, HOGG) S| Wecker (1963) 
and Hilden (1965) have discussed the role of inheritance in 
habitat selection behavior. Wecker (1963) evaluated the 
role of early experience in the habitat preference of the 
prairie deer mouse, Peromyscus maniculatus bairdi, and 
concluded that both heredity and learning are involved in 
habitat selection behavior. Early experience can 
reinforce innate habitat preferences. 

To examine habitat selection behavior, I 
conducted experiments in the laboratory rather than in the 
field. The time available to construct an enclosure in 
the field, capture and test hibernators in Alberta is 
limited. Also, many factors in the field may be 
responsible for the outcome of an experiment, whereas in 
the laboratory more variables can be controlled. In 
discussing behavioral experiments in the field, King 
(1973:124) stated that "most natural conditions are so 
unique that generalizations from one time and place to 
another may be less valid than generalizations from 


laboratory experiment to the field." 


wns ed ies dae: ney bath 


abasvod 200,08 qideaaitntor eae 


ev iseureen ia.3 Foom ear ai 2b, 28 eine 12 : 


tt 


(Edel) prapaeW ¢ “(eaee: (2001) satel) 4 ener) qr0 
itt Somers Toei ae oan aida boeauserh vad (2821): 
iti bysputawe (goer) radio roivgdod nots: 
augie ‘9 esac set idad vod at sonntanane 
| “Dns, aes euiuteo ins San dase 


“1 


ni bevievar ore) gnimipel. bis N ae 


te 2, soitgtreqae: ea ros 
| “eonapistons { 7 
wi tolveied: moisseloe sed dei akon , 
only: itd mpi roster aoterodgl 310 ne amen ecom 2 Soxoubbios | 
ft sivaothaa: Ke toursag3: os pivakinvs, emia oat |: bith” 
a4 ssasdtA ni exotaimnsdtd, teat Bas. oxuaga <bieit nt 


i 


j 7 


ad Yam, bier aut ai anode igi: oath Satan 
it eeoran (memiragie: a8 0 emoz Iu. ads no 


ante ebiok®. ord ea ‘ginsmitoqeo Sesotvaded sae : 
‘oR es, Jenoisthmos: farotea teen" nits bersse (MEEreNeL) 


ae bot Lord moo: ad 3: eolduixey erent orale 


“or sonkg, bas omits eno: mont rovigeeifaronos Sad supiac 
mon. 2hotsatiletonsy asd? briay | aeak od yon redtome 


(tee ta " bier. chs os saishtreaxe) wood etedad 


Wecker (1963) and Rosenzweig (1973) determined 
that habitat structure is at least one cue in habitat 
selection by the animals they studied. Reilly (1971) 
tested E. minimus from Upper Michigan, ied 3 m diameter 
enclosure, fer ite preferences for restricted vertical and 
horizontal visibility and two different perching heights. 
His animals preferred unrestricted horizontal visibility 
and high perches. No preferences for restricted or 
unrestricted vertical visibility were found. I tested 
each species with two habitat types, determined from field 
data as being basic components of the respective habitats 
Ofer ad. IUbeiventris and Eom. oreocetes, trees iin. the, 
forest, and rock in the alpine. These PERbArS ware 
artificially constructed in the laboratory. Differences 
in habitat structure (e.g. perch height, horizontal and 
vertical cover) between the two habitats were the primary 
selection cues available. 

I attempted to evaluate the roles of habitat 
selection and interspecific agonism in the parapatric 
relationship between E. amoenus luteiventris and E. minimus 
oreocetes in southern Alberta. Approaches included 
investigation of the habitats of both species, particularly 
in the higher elevations where the ranges of the two 
species abut; laboratory habitat selection experiments on 
field-experienced and laboratory-raised individuals; and 
Lanersteey experiments to determine the influence of large 


structurally complicated arenas on interspecific 
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behavioral interactions. [I also investigated the two 
northern subspecies; Elfal Tudibindus and E. m. borealis, 
to compare their distributions, habitats, habitat 


selection, and interspecific agonism with the southern 


subspecies. 


FIELD STUDIES 


Habitat Utilization by the Southern Subspecies 


I began my study in the Rocky Mountains of 
southern Alberta, in the summer of 1971, to determine if 
there is an overlap in the range of E. amoenus luteiventris 
and E. minimus oreocetes in the subalpine tree island 
habitat, as described for E. amoenus and E. townsendii 
in Washington (Meredith 1972); and to evaluate the actual 
and potential range of habitat use for each species. I 
selected Goat Valley, at the head of the Elbow River in 
the Opal Range of the Rocky Mountains (115°01'W, 50°41'N), 
as a study area because of its gradual altitudinal gradient 
(from 2040 to 2440 m in about 3.5 km) which produced a 


broad subalpine zone (as defined by Love 1970). 


Description of Study Area. A continuous forest 
(montane forest, Love 1970) of Englemann spruce (Picea 
engelmannii) and subalpine fir (Abies lasiocarpa) follows 
the valley floor up to about 2200 m in elevation, about 
1.5 km from the valley mouth (Fig. 2). At that point the 
forest breaks up into tree islands and interspersed meadows, 
(subalpine belt, Love 1970). Subalpine larch (Larix lyalli) 
is found with spruce and fir in some islands. The upper 
limit of the subalpine is reached at about 2300 m in 


elevation, where the trees are stunted and give way above 
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to continuous meadow and rock (alpine belt, Love 1970). 
The subalpine is broad along the valley floor 

(about 600 m wide, Fig. 2) where the altitudinal gradient 

is gradual. The subalpine is also present all along the 


Steep valley slopes but 1s only 50. to 100 m wide. 


Methods. From 20 June to 26 August 1971, 
chipmunks were live-trapped (7.6 x 7.6 x 23 cm Sherman 
live-traps, baited with oats and sunflower seeds) using 
transect trap lines. Traps were placed in three parallel 
lines running up and down the slope, about 300 m apart with 
Fo*Mm= spacings Each tine consisted: Or 20*to Z5"traps,*.and 
passed from bare rock in the alpine down to Goat Creek in 
the valley floor. The line closest to the valley mouth was 
set on the first trapping day, followed by the next two 
lines on days two and three, respectively. Each following 
day, the line closest to the valley mouth was moved upward, 
ahead of the furthest line, so that the system gradually 
moved up the valley. Thus, each line was set for three 
trapping day 34 One setror*three*lines .was*“started™at: the 
valley mouth and another set of three was started in the 
broad subalpine near camp. A total of 13 lines were set 
on the east side of the creek (9 below and 4 above camp) 
and 7 lines were set on the west side (2 below and 5 above 
camp), for a total of 423 stations trapped and 1269 trap 
days. ecdatas were marked with numbered ear tags, 


enclosing colored plastic discs for field identification 
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with binoculars (7 x 35). Weight of captured dhimadls to 
the nearest gram (Pesola spring scale, 0-100 g), sex, 
reproductive condition, and habitat were recorded. 
Observations of unmarked chipmunks were recorded as to 
species and habitats occupied. 

In the hope of determining the potential range of 
each species, Sheppard (1971) transplanted amoenus into 
areas occupied solely by minimus and vice versa. One pair 
of minimus survived in amoenus habitat for at least .one 
year. Sheppard felt that one reason amoenus may not have 
established in minimus habitat was that its familiar forest 
habitat was too easily accessible, being a few m downslope. 
To repeat Sheppard's experiment and reduce the problem of 
easy forest access, I released 17 amoenus adults (10 males, 
7 females) in alpine habitat near the head of Goat Valley, 
2 to 3 km from where they were caught (near the valley 
mouth), and 1 km from the nearest tree island, on 8 and 14 
August 1971. 

In July and August of 1972, I continued the study. 
Individuals of both species were live-trapped and their 
movements and habitats monitored, using transect trap 
lines. To more accurately measure the long distance 
movements of individuals along the valley, three trap lines | 
were set parallel to and east of the creek, from the valley 
mouth to camp, from 14 July to 17 August 1972. The three 
lines were about 300 m apart and each consisted of 22 to 


25 traps (15 m spacing). Starting at the valley mouth, 
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one yline was set in the continuous forest on the first 
trapping day, one in the narrow subalpine on the second 
day, and one in the alpine on the third day. On the fourth 
day the forest line was moved ahead, continuing that line 
up the valley. On the fifth and sixth days the subalpine 
and alpine lines were moved ahead, respectively. This 
procedure was repeated until the three lines reached the 

= stindity) of camp and the limit of the continuous forest. 
The alpine line included a total of 103 trap stations; 

the subalpine line, 110 stations; and the forest line, 115 
Stations. Each station was trapped for three days, 
yielding a total of 984 trap days. The alpine in the 
upper valley (above camp) was trapped using nine up-slope 


transect lines, yielding a total of 675 trap days. 


Results. In 1971, 28 captures and 3 observations 
of 10 amoenus (6 males, 4 females), and 59 captures and 9 
observations of 19 minimus (12 males, 7 females) were 
madevin Goat Valley. In 1972, i151 captures and 6 
observations of 25 amoenus (16 males, 9 females), and 76 
captures and 3 observations of 13 minimus (8 males, 5 
females) were made. In 1972, only 4 individuals (3 amoenus 
and 1 minimus) were captured from the previous year. Two 
had lost both ear tags and were identified as recaptures 
from the previous year by slits in their ears. In 1971, 
7 unmarked amoenus and 5 unmarked minimus were observed. 


In 1972, 12 unmarked amoenus and 4 unmarked minimus were 
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observed. 

The distributions of the two species determined 
from capture and observation data are illustrated in | 
Fig. 3. As described by Sheppard (1971), amoenus was 
eaughit mainly in the forest while minimus was caught most 
“ftrequenthyin the alpine and talus slides (Fig...2 and 3). 
Neither species was caught nor observed in the broad 
subalpine region of the mid-valley, except minimus ata 
talus penetrated from the slopes. The ranges of both 
species overlapped slightly in the narrow subalpine of the 
steep valleyrSiopes:. 


I observed several long distance movements by 


individuals of both species (Meredith 1974). Some amoenus 


individuals appear to migrate from the lower valley to the 
limit of the continuous forest in the upper valley in 
August. The long distance movements of minimus were both 
up and down the valley, throughout the season. 

Fig. 4 illustrates the habitat use by the two 
species in Goat Valley for the two years, based on 
trapping records. A use index was derived by dividing 
the number of traps set in each habitat type into the 
percent captures of each species in each habitat type. 
Closed forest was defined as a stand of trees with 
canopies overlapping. Open forest was defined as a stand 
of trees with canopies Oy overlapping. The captures of 
both species in tree islands of the subalpine were made in 


the narrow subalpine on the steep slopes and not in the 
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Distributions of the two species of chipmunks in 


Goat Valley. 
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Fig. 4. “Habitat use by the two species an “Goat Valley, 
1971-72. UI is a habitat use index (% capture/ 
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broad subalpine above camp (Fig. 3). Most of these 
captures were made in 1972, when one continuous iia of 
110 trap stations was set in the narrow subalpine belt. 
Of the 17 amoenus released in the alpine in 1971, 
6 (5S males, J female) were recaptured in the open: forest 
within one week of their release. Two had returned to 
their original areas, about 3 km from the release point. 
“In 1972, two of these individuals (1 male, 1 female) were. 
recaptured in the open forest on the west side of Goat 
Creek. They were not captured in the original areas at 
the valley mouth, but were caught in the same area in 
which they had been recaptured in 1971, after the 
transplant. Although the alpine was extensively trapped 


in 1972, no amoenus were captured there. 


Summary. In Goat Valley amoenus occupies the 
continuous forest, and minimus occupies the alpine and 
talus slides that penetrate from the alpine. The 
distributions of both species marginally overlap in the 
narrow subalpine zone on the steep valley slopes. 
Although the tree islands in the narrow subalpine are 
extensively used by both species, neither species occupies 
the broad subalpine on the valley floor. Amoenus was 
captured and observed in or near tree paetrare whereas 
minimus was captured and observed in or near talus. Six 
of 17 amoenus transplanted to the alpine in 1971 returned 


to the open forest. None of the 17 were captured in the 
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alpine in 1972. 


Removal Experiment 


I have observed E. a. luteiventris in rockslides 
that are surrounded by forest and not connected to the 
alpine. Yet, E. m. oreocetes descends to low elevations in 
rockslides that are connected to the alpine, but otherwise 
surrounded by forest (Sheppard 1971). If amoenus is 
aggressively dominant over minimus, why does amoenus not 
exclude minimus from talus that penetrates the forest from 
the alpine? Does minimus somehow interfere with the 
‘ability of amoenus to exploit talus and its limited 
vegetation as either cover or a source of food? To attempt 
to answer these questions I removed the resident 
population of minimus near the terminus of a large 
rockslide that descends from an alpine area on Volcano 
Ridge, in the Ware Creek drainage of the Sheep River (114° 
42'W, 50°42'N), and penetrates a lodgepole pine (Pinus | 


contorta) forest inhabitated by amoenus. 


Description of Study Area. The southeast facing 


slide drops from an elevation of about 1980 m to well 
within the continuous forest, its terminus being at about 
1680°m invelevation.- It 1s made. up of largé boulders, 
many greater than 3 m in diameter. It does not show signs 
of recent physical activity, as evidenced by large 


individual lichens on the rocks, large single lodgepole 
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pine and white spruce (Picea glauca), and well developed 
shrub communities dominated by common juniper (Juniperus 


communis) growing at various locations within it. 


Methods. In early May 1972 a trapping grid of 
56 stations was set on the terminus of the slide (Fig. 5). 
The stations werk set at 30 m intervals, with two Sherman 
live-traps per station. From 19 to 26 May, the grid was 
trapped for 6 days to monitor movements of both species. 
Animals were marked and recorded in 1972 as in Goat Valley, 
and were toe-clipped in 1973, as ear tags had been lost in 
many individuals over winter. Observations of individuals, 
with binoculars, provided additional information on 
location of activity. 

To test for possible active competitive exclusion 
of amoenus by minimus, 16 minimus (all that were captured; 
12 males, 4 females) were removed from the trapping grid, 
from. 27/May to 16 July 1972... reseermidividuals were used 
later for habitat selection experiments in the laboratory. 
The grid was monitored for amoenus movements for 6 days 
during each of the following periods, from 21 to 27 
August 1972;,15 to 21: May, and 13 to 23 June 1973." No 
minimus were captured on the grid after 16 July 1972, or 


they would have been removed. 


Results. oFi¢e."5 1s' a map of the terminus of the 
rockslide, showing the trapping grid and the ranges of the 


two species, as determined by captures and observations 
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Fig. 5. Trapping grid on Volcano Ridge rockslide showing 


the ranges of captures and observations of the 


two species in May 1972. Trap station interval 
was 30 m. 
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made during the 6 day trapping period in May 1972. During 
that time, 5 male minimus adults and 9 amoenus adults (4 
males, 5 females) were captured and their movements 
plotted. 

From 21 to 27 August 1972, five amoenus adults 
(3 males, 2 females), two juveniles (male and female), and 
several unmarked juveniles were caught or observed on the 
grid, after the removal of minimus. All, but one adult 
male, were different from those Meise a duals trapped in 
May: LOT 2. 

In May 1973 only two adult amoenus (male and 
female) were caught on the slide during the 6 day trapping 
period, although a group of at least six unmarked amoenus 
individuals had been previously observed (8 May) on the 
slide. The female had been tagged in 1971, but had not 
been captured or observed in 1972. No other chipmunks were 
seen during the 6 day period. 

Because there were so few animals monitored in 
May, I returned to the slide for a 6 day period in June 
1973. At that time 10 amoenus adults (6 males, 4 females) 
were caught and observed. All but three were caught for 
the first time. The male and female, caught in May 1973, 
were again caught in June, along with a female tagged in 
1972. Fag: 6G illustrates the range of captures and 
observations of amoenus during June of 1973. 

No minimus were captured during May or June of 


1973. Two observations of minimus were made just north of 
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Trapping grid on Volcano Ridge rockslide, showing 
the range of captures and observations of 

E. amoenus in June 1973. Trap stations where both 
species were caught or observed in May 1972 are 
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the grid in June. 

The number of trap sites where both species were 
captured or observed in May 1972, and the number of sites 
where amoenus was captured or observed on former minimus 
sites in August 1972 and June 1973 are shown in Table 1. 
The number of former minimus sites used by amoenus in 
August 1972 and June 1973 was compared to the number of 
minimus sites used by amoenus in May 1972, using the 
chi-square test. No significant differences were found 
CPSO Lyin. 

In August 1972 juveniles of the year were on the 
slide with the adults. If the data from both juveniles 
and adults are combined, amoenus used 36 sites on the grid, 
18 of which were former minimus sites. This is a 
significant increase in the number of minimus sites used 
one May 1972 (P<0.01). However, juveniles may behave 
different eromycetab lished adults at that time of the 
year. Juveniles may enter the slide in large numbers in 


late summer regardless of the presence of minimus. 


Summary. After the removal of minimus, adult 
amoenus did not make significant incursions into former 


minimus area on the rockslide. 


Distributions of the Northern Subspecies 


The two subspecies found in the mountains north 


of the Bow River, E. m. borealis and E. a. ludibundus, live - 
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Table 1. Number of trap sites on Volcano Ridge rockslide 
where both species were captured or observed in 
May 1972, and where amoenus was captured or 
observed on former minimus sites in August 1972 
and June 1973. N = number of individuals, 
n = number of captures and observations. 


Total Sites Number of 


Captured or minimus | 
Species N n Observed MSGR EES 

May 1972--all adults 

minimus OPENS 54 31 cat 

amoenus 9 62 26 ie 
August 1972 

amoenus adults 5 55 24 8 

amoenus juveniles Lee 6) 25 12 
June 1973--all adults 

amoenus 10 50. 28 £2 


* Several unmarked juveniles observed. 
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in forest habitats and are geographically parapatric 

rig. 4). Neither subspecies appears to inhabit alpine 
regions. Soper (1970) and Banfield (1958) reported the 
altitudinal limit of each subspecies to be tree-line. 
Unlike the southern subspecies, there is no obvious habitat 
segregation between the northern subspecies. Why does the 
parapatric relationship between the two species differ 
north and south of the Bow River? 

To answer this question I collected chipmunks of 
both subspecies in Jasper National Park and transported 
them to Edmonton to compare their habitat selection and 
interspecific agonism to those of the southern subspecies 
(see the following chapters) and to attempt to understand 
how the habitats occupied may affect, or be affected by, 
the interspecific felationSitps? Minimus were collected at 
Devona, near the confluence of the Snake Indian and 
Athabasca Rivers (Fig. 8), and amoenus were collected at 
Derr Creek, 6 km east of Yellowhead Pass on the Miette 
River (Fig. 8). 

To understand how the present interspecific 
relationships of the four subspecies may have developed, I 
“felt it necessary to document further the present 
distributions of the two northern subspecies in the 
mountains of Alberta. The resident species of chipmunk in 
several regions of Jasper National Park and northern Banff 
National Park have not been clearly documented in the 


literature (reviewed by Banfield 1958, and Soper 1970). 
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‘This is especially true near the Continental Divide where 
the ranges of subspecies in British Columbia abut those of 


subspecies in Alberta. 


Species Identification. Identification of live 
individuals of these two subspecies is more difficult than 
with the southern subspecies, where differences in size 
and coloration are clear. Absolute identification of dead 
individuals can be made in the case of males, based on the 
shape of the baculum (White 1953). However, I found that 
individuals of the northern subspecies can be identified, 
in the hand, on the basis of pelage characters (as 
described by Soper 1970). Pelage color was one criterion 
used. After examining study skins of the two subspecies 
at the Museum of Zoology, University OfPALberta:,. 1 
determined that the best character to separate individuals 
was the length of the dorsal, median, dark stripe on the 
head. As shown in Fig. 7, this stripe extends 5 to 10 mm 
anterior to a line drawn between the anterior bases of the 
ears in minimus. The eae terminates at the anterior 
bases of the ears in amoenus. This extension of the stripe 
is less distinct in individuals of minimus from the boreal 
forest, east of the mountains. It is interesting that 
E. m. oreocetes also has this long stripe, while BE. a. 
luteiventris does not. The median stripe facilitated 


identification of individuals with binoculars. 
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Drawings of E. a. ludibundus (a) and E. m. 
borealis (b) heads showing longer mid-dorsal, 
dark stripe on E. m. borealis. Drawings traced 
from 35 mm photographic slide of two individuals 
captured at Wilcox Pass, Jasper National Park. 
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Methods. I hiked into several regions of the 
parks to determine the species of chipmunk residing in each. 
I was only able to trap 2 to 5 days in any one area, 
limited by the amount of provisions carried. I set 30 to 
50 Sherman folding live-traps in one or two lines to an 
area. Chipmunks captured were recorded as to subspecies, 
sex, reproductive condition, weight, and then released. 
Many chipmunks were also identified by observation with 


binoculars. 


Results. In Jasper Park I trapped and observed 
E. a. ludibundus on the upper Smoky River (Adolphus Lake 
and Calumet Creek), the upper Athabasca River (Long Lake, 
above the confluence of that river with the Sunwapta River), 
and Wilcox Pass (Fig. 8); and E. m. borealis at Wilcox 
Pass. Fig. 8 summarizes the range data for each species in 
Jasper Park obtained from the literature and this study. 
Two areas remain in doubt, the lower Smoky River and the 
upper Snaring River. Two areas of overlap are evident, 
from the confluence of the Miette and Athabasca rites 
north to the Snaring River (Soper 1970), and the Sunwapta 
Pass area. 

In Banff Park I was interested in the possibility 
of E. a. ludibundus invading the park from either Sunwapta 
Oke or from the west. Banfield (1958) reported E. m. 


borealis at Saskatchewan Crossing and Sunwapta Pass, but 


not between those two locations. I trapped only E. m. 
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- . . a 
Fig. 8. Map of Jasper National Park showing the ranges 01 
a cus two species of chipmunks (Soper 1970, and this 


study). 
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borealis near the confluence of the Alexandra and North 
Saskatchewan rivers, and near the confluence of the Howse 
and North Saskatchewan rivers. Fig. 9 summarizes the 
range data for each subspecies in Banff Park, obtained from 
the literature and this study. My data do not contradict 
the ranges Zeperted;| by Banfield (1958). 

At Robson Pass and Wilcox Pass in Jasper National 
Park (Fig. 8) Wasurveyéed*afpinée #egions..to try and mearie 
use of the alpine by either species. , "No Me crunk: were 


observed in the alpine at either location. 


Summary. North of the Bow River, the two species 
live in forest habitats, but inhabit distinct ranges only 
marginally overlapping along their contiguous boundaries. 
No chipmunks were observed in the alpine regions that I 
investigated. South of the Bow River, E. m. oreocetes 
lives exclusively in the alpine, the northern limit of its 
range (Egypt Lake, Banfield 1958) being a distance of at 
least 15 km from the range of its nearest conspecific, 


E. m. borealis, north of the Bow River. 
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Map of Banff National Park showing the ranges of 


the two chipmunk species (Banfield 1958) 
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HABITAT SELECTION 


In thegwinters of 1972273 and 4973-74,-1 tested 
chipmunks of the two southern subspecies (E. m. oreocetes 
and E. a. luteiventris) in habitat selection experiments in 
the laboratory. The two northern subspecies (E. m. borealis 
and E. a. ludibundus) were tested during the winter of 


1973-74’ only. 


Methods 


Pe 
in area, were 


Two artificial habitats, each 8.8: m 
constructed in a behavioral observation: room equipped with 
one-way glass at the Biological Sciences Center, University 
of Alberta (Fig. 10). ~The two habitats represented rock 
and trees. Soil was placed at a depth of about 6 cm in 
each sector and covered with grass-sod. In sector A (Fig. 
10) rocks, collected from the fleldsywWere piled to.a 
height of about 0.8 m and about 0.3 m from all walls and 
dividers (Fig. 11). The rocks varied from 0.1m to 0.8 m 
in diameter..- In sector B, five dead spruce=and pinestrees, 
cut to about 1.5 m in height, were mounted on wooden stands 
and placed on the sod (Fig. 12). Two brush piles, of dead 
spruce and aspen erEt ieee were also placed in this habitat 
in eae ae where upright trees might have facilitated 
escape over the dividers. A canopy of black plastic, with 


holes cut 5 to 10 cm in diameter, was suspended over the 
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Diagram of behavior observation room, divided 
into three sectors (A-C) and an introductory 
compartment (I). 
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The rock habitat, showing the dividers and 
tunnels 
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tree habitat, about 2.5 m above the sod, simulating 
overhead tree canopies (Fig. 13). Dividers 1.45 m high 
(0.55 m of plexiglass at the bottom and 0.90 m of metal 
above) separated the habitats from each other (Fig. 11). 
The chipmunks had access from one habitat to another only 
through \tunnels (7 cm high’ x 5S cm widerx, 10.5. cm long), 
each with a door attached to two mercury switches (Friesen 
1972). The switches were connected to an event recorder 
(Esterline Angus) to monitor movements between habitats and 
record the number of minutes spent by individuals in each 
habitat. Each habitat contained a feeder, with a tunnel 
entrance wired to the event recorder. The photoperiod in 
the observation room was set at 12 L/12 pith 0600 to 
1800 hr MST as the light period. The temperature in the 
observation room varied from 19 to 22 C. Time spent: in 
each habutatiwas chosen, a prioviyaasetive prime criterion 
for habitatséelection. 

Chipmunks were introduced singly. in the 
observation room through a small central compartment (0.15 
m2, I in Fig. 10), between 0900 to 1400 hr MST on Day 1 
(depending on when the previous animal was captured and 
removed). Movements for analysis were monitored from 0000 
to 2400 hr of Day 2. This allowed each animal time to 
explore and familiarize itself with the habitats and 
apparatus prior to activity being recorded. Daytime 


activity (light) was analyzed separately from nighttime 


activity: (dark) . 
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About 200 g of Vita-mite laboratory food and about 
200 ml of water were provided in each feeder to each 
individual tested. To neutralize the possible effects of 
scent in the feeders, wood chips placed in both feeders 
‘were collected after each test, thoroughly mixed and 
returned to the feeders. The habitats were dampened with 


water before introducing a new animal. 


During Che winter fof Aor 7S es betas luteiventris 


amaezU: tit we foreocetes were tested “in “the’ observation .room 
with the rock and tree habitats, and with a third, meadow 

habitat. ° This involved the use of ‘sector C whichis also 

8.8 m?, but oblong in shape (Fig. 10). The meadow habitat 
was tested because it is one type found in both the alpine 
and the forest. The "meadow'' was simply the soil and sod 

without vertical structure present. 

To determine whether or not the shape of the 
sector had an extraneous effect on the outcome of the 
experiments, the habitats were rotated from one sector to 
another, after ten animals of each species had been tested 
(i.e. rock and meadow were each tested in oblong sector C 
and sector A or B). I found that individuals of both 
species significantly avoided sector C regardless of habitat 
present. Since sector C introduced an artificial bias to 
the experiment, I decided to discontinue its use and only 
test two different habitats in the winter of 1973-74. 
Since both species significantly avoided the meadow, I 


decided to test the two habitats that appeared fundamental 
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to the separation of the two southern subspecies in the 
ficid, vock and trees. 

Adults of the two southern subspecies were caught 
in May and June of 1973 in the Sheep River drainage and 
were tested on the /ayvtifierasl. habitats in September and 
p@ectoberrot) I9/sceathey were classified as “habitat- 
experienced" individuals (i.e. they had field experience). 

Five pregnant, E. a. luteiventris temales-were 
caught in May of 1972 and were allowed to raise their 
litters» in the» laboratory , providing "habitat-naive" 
individuals (i.e. they had no field experience) that were 
tested in the artificial habitats in August and September 
or 71973.” Nime pregnant Eoom.,oreocetes temales were caught 
in May of ‘1973, and were similarly treated. ~The habitat- 
naive chipmunks from these litters were tested in February — 
and March of 1974. | 

Adults of the two northern subspecies were caught 
in July of 1973 in Jasper National Park. They were tested 
in the artificial habitats from october to December of 
LOVES. 

All chipmunks were transported. to Edmonton and 
maintained individually in cages (50 cm long x 40 cm wide 
x 20 cm high) in Bioscience Animal Service Facilities at 
the University of Alberta. They were prevented from 
hibernating during winter by being kept at about 20 fe with 


a 12 L/12 D photoperiod (Heller and Poulson 1970). 
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Individuals of each subspecies were tested 
consecutively in groups of six to ten animals. That Se 
10 E. a. luteiventris were followed by 10 E. m. oreocetes, 
ete. Animals making up each group were drawn at random 


from the laboratory population. 


Statistical Procedures 


I used nonparametric statistical methods to compare 


the habitat selection data because of the heterogeneity 
between the variances of some of the compared samples 
(determined by the F-test, Sokal and Rohlf 1969) and the 
non-normal distribution of the sample variates (Sokal and 
| Roh1f 1969), especially during the dark time periods. 

The minutes spent in each habitat by each 
individual during the light and dark periods were converted 
to percentage, and a mean was calculated for each sample. 
Because the number of minutes sient by an individual in 
one habitat was inversely related to the number spent in 
the other habitat, the Wilcoxon's signed-ranks test for 
paired data (Sokal and Rohlf 1969) was used to compare 
habitat use within a subspecies group (Wecker 19@3y.. The 
Mann-Whitney U-test (Sokal and Rohlf 1969) was used to 
compare habitat use between subspecies, and between 
experienced and naive groups within a subspecies. A 
probability level of 5% or less (P<0.05) was considered to 


be statistically significant. 
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Results 


Southern Subspecies. Nine male and 11. female 
habitat-experienced E. m. oreocetes, and 8 male and 9 
female habitat-experienced E. a. luteiventris were tested... 
Results from these tests are compared in Table 2. Both 
species spent significantly greater time in the rock habitat 
in both the light and dark time periods. No significant 
differences were found between species, within each habitat. 
The light period included daytime activity, in 
which there was much interhabitat movement (Appendix II) as 
would be expected from diurnal rodents. The dark time 
period included time spent in the nest. There were some 
: interhabitat movements in the dark, but they were rare. 
Most occurred between 0400 to 0600, and 1800 to 20007 hr 
(Appendix ITI). 


Nine male and 11 female habitat-naive E. 


|3 


oreocetes, and 6 male and 10 female habitat-naive E. 


[99 


luteiventris were tested. Naive minimus spent 
significantly greater time in the rock habitat in both time 
periods (Table 3). However, naive amoenus did not 
significantly select one habitat over the other in the 
light or dark period. More time was spent in the rock by 
amoenus during the dark, but this was not statistically 


significant due to the large variance of the sample. 
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Northern Subspecies. Five male and 6 female E. 


borealis, and 5 male and 5 female E. a. ludibundus were 
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Table 2. Mean (X) and standard error (SE) of percent time 
spent in each habitat by experienced individuals 
of the two southern subspecies during Light and 
Dark time periods. 


nn 


Light Dark 
N X SE x SE 
E. m. oreocetes 
rock 5 79 4 RAO 9.3 35:. Zin 
20 * KKK 
trees ASD ol) 40 Oo78 236 
EH. ga. Buteiventyas 
rock O35 4es 2553 D2 2 ORS 
7. KKK RAK 
trees SO. S0u: Wont {iD s MR eo 


* Significant difference in habitat use, P<0.05 
**k Significant difference in habitat use, P<0.005 
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Table 3. Mean (X) and standard error (SE) of percent time 
spent in each habitat by naive individuals of 
the two southern subspecies during Light and 
Dark time periods. 


Light Dark 
N X SE X SE 
E. m. oreocetes 
rock 56.08, wane 85.8.) .6.01 
20 xR KAR 
trees Ad 52, “5 34 14.2 ishoes 
Bioras WOCCAVED nas 
rock 2150 <8: Wel 64 OP Lets 
16 
trees AS Mt 4.2 ofeaiege oa 6 


** Significant difference in habitat use, P<0.01 
***k Significant difference in habitat use, P<0.005 
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tested. All were habitat-experienced individuals. As shown 
in Table 4, minimus spent significantly greater time in the 
rock habitat in both time periods, with no use of the tree 
habitat for nesting sites. Although amoenus spent a 
Significant amount of its nesting time in the rock, it did 
not significantly select one habitat over the other during 
the light period. 

The habitat use by the two subspecies was 
Significantly different in both time periods. However, the 
difference in the dark time period is probably more related 
to the lack of interhabitat movements by minimus during the 
dark period (Appendix II) than to any greater degree of 


selection of rock for nesting sites by minimus, since all 


individuals of both subspecies nested in the rock. 


Summary 


Experienced individuals of both southern 
subspecies selected the rock habitat. Naive E. m. 
oreocetes spent more time in the rock habitat, whereas 
Naive E. a. luteiventris did not select one habitat over 
the other. 

Experienced *E-''m. borealis "selected the rock 
habitat. Experienced E. a. ludibundus spent more time in 
the rock habitat during the dark period, but did not select 


one habitat over the other during the light period. 


- aworg eA 


oad me. smdt to r5ory | laneae ing ge 
| sons odd to peu om sty sbokton oni af 


fe asa aurigoms tauods th eothege 
bib die cahaog oat ah omg, alee att ie tw 


gsi tub. rato. odd evo desided ona saalbey 


The: 


| , Bethaee 
ae | BBW) eotoeqedue. pve ofld ws oe debias-ot, 


oft, TavewoH -ebolneq, Bais doe ini "Troha ib, loa 
betior eront \idadotg ak hetaey amis Aa sHT ae 
ety: abu annie “d 2trohe tor sehellansane, XG tant 

to  $a'rgeb xehgory Nees ‘4 rds, (1, xibioaahs bons 


Bs 


LES, spake c euionis grt AG. oske anizeen ot aaor” ‘$an 
oy ne 


De eds fit hereon. reioeaedae eit vo af 


\ ; ; a a ah ey 


nnbdsoe dsed 40) etn viet beonsiveqxt 


ta ovinh I8tided 4903 ‘on betow Pes: eotvaqe tab 


asetartw . 63 iden {307 9Ar nis ones etom traqe susie 
Tavo twhided otto setae jtn bib; elas notie mit F (evien 


| ad $0 ont s 
Agen sda basoofoe 2hinevod om re boots 


, Rivemis STom, THoge -eutoudibys. S He begisitayxt tested 


i cal ton bib dud bobreq tTSh 19 odd) gaiaub Mis tdsl. oot odd. > ren 


Lbdt Faq agit ork SHituh. 1edto sd TS¥O tet ide’ eno 


Table 4. Mean (X) and standard error (SE) of percent time 
spent in each habitat by experienced individuals 
of the two northern subspecies during Light and 
Dark time periods. 


Light Dark 
N x SE De SE 
E. m. borealis 
rock (Os 68 42U8 100.0 0.0 
ie RR KKK 
trees 25% 4023.8 0508 11.0:0 
bares ludibundus 
rock SOE Oey oi O77 ae 1ee5 
10 RK 


trees AQ AL S27 2x0 hears 


*** Significant difference in habitat use, P<0.005. 
Interspecific differences (intrahabitat) are 
significant, P<0.005, in both time periods. 
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INTERSPECIFIC AGONISM 


In his study of aggressive behavior between E. a. 
luteiventris and E..m. oreocetes, Sheppard (1971) used two 
arenas to test his animals; one 1.5 m2 Ataced and 2.4 m 
hah (I assume the arena was square or rectangular), and 
one 3.7 m long, 8 cm wide and 10 cm high. Individual 
amoenus were matched Simultaneously with individual minimus. 
He observed the animals’ for 30 to 60 min after 
introduction. 

Although Sheppard determined that amoenus was 
aggressively dominant over minimus, the results from his 
simultaneous introductions do not explain why amoenus has 
not successfully occupied minimus habitat, unless amoenus 
is excluded by other environmental effects. Perhaps the 
small arenas and lack of habitat structure prevented some 
of the field relationships from occurring. Individuals 
probably had little chance to seek cover from their 
antagonists. In the field, an encounter between 
individuals may be of short duration, individuals being 
able to leave the immediate area and thus avoid further 
interaction. 

To determine the effect of a larger, more 
structurally complicated arena on the outcome of 
interspecific interactions, I tested individuals of the 


two southern subspecies in the behavior observation room 
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(Fig. 10) with the rock and tree habitats present. Two 
individuals, one of each species, were introduced 
Simultaneously. The two southern subspecies were tested in 
March and April of 1973. I tested the two northern 
subspecies in April and May of 1974 to compare with the 
southern subspecies. 

In another experiment Sheppard (1971) allowed one 
chipmunk to familiarize itself with the arena for 3 to 5 
days before the second chipmunk was introduced. Resident 
amoenus were dominant in significantly more matches 
(67.5% of 40 matches) than resident minimus (25% of 40 
matches). If Sheppard's resident chipmunk data are 
compared to his simultaneous introduction data (48.5% of 68 
matches dominated by amoenus; 1.5% dominated by minimus), 
it is seen that minimus was dominant in a significantly 
larger number of resident matches than simultaneous Gueches 
(chi-square two-way table, P<0.001), and amoenus was also 
dominant in larger number of resident matches (0.1>P>0.05). 

Therefore, it appears that familiarity with a 
"home area" does have an effect on the outcome of an 
encounter with a rival that is unfamiliar with that area. 
In the field, a resident animal may be able to dominate a 
nonresident by using the structure of the habitat to its 
advantage. In this way, perhaps minimus is able to 
prevent amoenus from entering the alpine. 

In March and April of 1974, I matched individuals 


of the two southern subspecies to test the outcome of 
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interspecific encounters in the artificial habitat with 
minimus in residence. Similar tests with amoenus in 
residence were not done because I assumed from my results 
of the simultaneous matches that resident amoenus would be 


dominant over invading minimus. 
Methods 


Simultaneous Introductions. All animals used in 
these experiments had been tested in the habitat selection 
experiments and were familiar with the habitats and 
apparatus in the observation room. Only field-caught 
individuals were used. Each pair of animals tested was of 
the same sex. Otherwise, pairings were made at random from 
the laboratory population. Animals were matched only once 
to avoid any effect of prior experience. Food and water 
were provided as in the habitat selection ernetiments| 

Each pair of chipmunks was placed simultaneously 
in the introduction compartment (I in Fig. 10) between 
0900 and 1100 hr MST of Day 1. After the introduction, 
the observer immediately took a position in the upper . 
level of the observation room, which is separated from 
the arena by a sound-proof wall and windows of one-way 
glass. The observer recorded interactions for 2 hr 
immediately following the introduction, 1 hr in the early 
afternoon of that day, and 2 hr after lights-on at 0530 
to 0600 hr of Day 2. This provided 300 minutes of 


observation of each pair of animals. The animals were 
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allowed to interact for nearly 24 hr to determine whether 
cohesive relationships, or perhaps reversals in dominance, 
would develop during a relatively long match. Time spent 
in each habitat by each individual was also recorded. 
Sheppard (1971) recorded two kinds of agEresstite 
encounters, fights and chases. Fights were recorded as 
lost by the animal that first ran away from the fight. 
gases werdeteduraéd as the dominant chasing the | 
subordinate. I recorded) ie same encounters plus what I 
call an attack, in which the dominant animal rushed the 
subordinate and made physical contact. with it. This 
usually resulted in a chase; but, on occasion after an 
attack, both animals would mutually avoid or circle each 
other with flared tails. Although not included as 
aggressive behavior, mutual avoidance and various forms of 


cohesive behavior (Sheppard 1965) were also recorded. 


Intraspecific Agonism. In May and June of 1973, 


individuals of the two southern subspecies, that had been 
previously matched interspecifically, were matched 
intraspecifically to obtain a relative index of 
aggressiveness for each species (Heller 1971). The 
procedures were the same as in the simultaneous 


interspecific introductions, except that male-female 


pairings were also used, and each individual was fur-clipped 


in distinct patterns across the back for individual 


ident tiication.~ 
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Resident minimus Introductions. Again, all 
animals used in these experiments were field-caught and had 
previous experience with the artificial habitats, but not 
with agonistic experiments. They were matched only once. 
One minimus was introduced into the arena in mid-morning 
of Day bmn iae 8 1 amoenus individual was introduced between 
0900 and 1100 hr of Day 2, and interactions and movements 
were recorded for 300 minutes as in the simultaneous 


introductions. 
Statistical Procedures 


The chi-square test for goodness of fit and two- 
way contingency tables (Sokal and Rohlf 1969) were used to 
compare the number of matches dominated by each species 
and the total encounters won by each species. 

As in the habitat selection experiments, the 
observed times spent in each habitat by interacting 
individuals of both species were compared using Wilcoxon's 
signed ranks test and the Mann-Whitney U-test (Sokal and 


Rohlf 1969). 


Results--Southern Subspecies 


I define an encounter as one agonistic interaction 


between a pair of animals. A match is the pairing of two 


individuals over the 24 hr period that encounters were 


recorded. 
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Simultaneous Introductions. Fourteen individuals 
of each of the two southern subspecies were matched. The 
results from these matches are presented in Table 5S. 
Amoenus was dominant in 8 of the 14 matches, while minimus 
was dominant in 4 matches. These differ from Sheppard's 
~ (1971) results in that the number of dominant amoenus 
matches is not significantly larger than the number of 
dominant minimus matches (P>0.1); although this may be due 
to small sample size. However, the total number of 
encounters won by amoenus (895) is significantly greater 
than those won by minimus (322) (P<0.001). 

In Table -5 the encounters won-lost by the 
dominant individuals of each species are presented to 
illustrate the Contribution by these individuals to the 
total encounters won-lost by each species (i.e. 4 dominant 
minimus contributed 73.0% of the total encounters won by 
all 14 minimus; and 8 dominant amoenus contributed 87.3% 
of the total encounters won by 14 amoenus). 

Individual dominance was usually determined early 
ina nate A dominant individual was arbitrarily defined 
as an animal that won at least 50% more encounters than 
its opponent. In most matches the dominant won several 
times the number of matches won by the subordinate (see 
Appendices III and IV). However, in two male matches 
dominance was never clearly determined. In one match the 
dominance shifted from one individual to another 


throughout the match, with amoenus observed:to dominate 33 
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Table 5. Agonistic encounters between the two southern 
subspecies introduced simultaneously. 


Encounters 
Total won-lost by 
encounters Individuals dominant 
N won-lost dominant* individuals 
E. m. oreocetes 
Males.) 74. 195-597 1” 109-0 
females, 7 129-498 on 126-29 
Total 14 322-895 4 235-29 
E. a. luteiventris 
males 7 397-193 4 312-11 
females 7 498-129 4 469-3 
Total 14 895-322 8 781-14. 


* Unclear dominance in 2 male matches**. 
** Including one dominance reversal. 


ig 


\ 


nvediuoe owt t-neowted 278 
| ene, oa 


ah 
ri at 
i 


AMA HRC Ye eas WI AP sienna 


etotnuosee | ae 

yd taol-now 
tasnimob: “gL auth vehet) 

elsubivibni — eee 


‘ 
Se tee ge 


29 a eaemengnne 


» 


“seneeh y 


PE SE REM oR 0 apa 
as: 


ie 


edie tty ¢ nk ies ee 

22 nob restonit sit Th, 

isetevey eonenime ab aiscaoees eo hoy 

Ait ayy, 

y bee zs ; A - mat 

| ho) aaa 

\ ee 
"Fh ) 5 oe a 

eo” a ( = r ; 4 


encounters to 28 for minimus: In the other match amoenus 
was AES aie dominant (for the -tirst «2)shr of observation. In 
the third hour of observation minimus became dominant and 
femained SO Until’ the end=ot—ehe match. “In this match 
amoenus dominated 51 encounters to 46 for minimus. 

Another dominance reversal occurred in one female 
match, where amoenus was dominant in the first hr and 
Hinimus was dominant in the last 3 hr,. ,In, this match 
minimus won 82% more matches than its opponent (42-25). 

Interacting individuals of amoenus were observed 
to spend significantly more time in the trees (X 59.3%) 
than, in’ the rocks ((P<0.005). Although minimus spent 


slightly more time in the trees (54.1%), the difference was 


nOt Sicniti cand sip 0), 1) 


Resident minimus Introductions. Twelve resident 


m.” Oreocetes were matched with) d2° invading FE. a. 


| td 


duteiventris: Thesresults fromethese matches are presented 
in Table 6. Each species was dominant in half of the 
matches. However, the total number of encounters won by 
resident minimus (644) is significantly larger than that 
won by invading amoenus (572) (P<0.05). 

These data differ from Sheppard's (1971) results 
in that his resident minimus won only 25% of their matches 
and only 28.5% (88-221) of "their encounters. 


The 6 dominant minimus contributed 88.8% of the 


total encounters won by all 12 minimus; and the 6 dominant 
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Table 6. Agonistic encounters between the two southern 
subspecies with minimus in residence. 


Encounters 
Total won-lost by 
encounters Individuals dominant 
N won-lost dominant individuals 
Resident 
E. m. oreocetes 
males 8 465-431 4 412-26 
females 4 179-141 cw 160-1 
TOCA. Lz 644-572 6 572-27 
Invading 
E. a. luteiventris 
males 8 431-465 4% 405-53 
females, 4 141-179 4 140-19 
Total 12 572-644 6 545-72 


* Including one dominance reversal. 
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amoenus contributed 95.3% of the total encounters won by 
all 12 amoenus (Table 6). The total encounters won-lost 
by dominant minimus is significantly different from the 
total encounters won-lost by dominant amoenus (P<0.001). 
In these matches there was only one dominance 
reversal, which occurred during a male match. Minimus 
was dominant at the start with a shift of dominance to 
amoenus occurring during the second hour of observation. 
The latter remained dominant until the end of the match. 
Invading amoenus spent significantly more time 
in the trees) (X 61.7%) than the rocks (P<0.005),. Again, 
minimus spent more time in the trees (57.5%), but the 


dufference. was not significant (P>0.2). 


The, FirstJFive cencountersar lf animals jin the 
field only interact for a short period (with one or both 
vacating the area afterward), then perhaps only the first 
few encounters between individuals in the laboratory are 
important in determining which animals will occupy an 
area. --lovanalyzerthis ‘effect, <Lypaicked «the firstrfive 
encounters between individuals of each match, and assigned 
dominance simply to the animal that won most of the five 
encounters. : 

In the Sapastanen ae matches amoenus was dominant 
in nine matches and minimus was dominant in five. This 
difference is not significant (P>0.1). However, amoenus 


won significantly more total encounters (49) than minimus 
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In the resident minimus matches minimus was 
dominant in nine matches, while amoenus was dominant in 
Earee.’ this: difference as not quite significant 
(0.1>P>0.05). However, the number of matches dominated by 
resident minimus is significantly larger than the number 
of matches dominated by minimus during the simultaneous 
introductions (P2005). “During ithe first five encounters, 
minimus won significantly more total encounters (44) than 


invading amoenus (16) (P<0.001). 


Intraspecific Agonism. All 14 individuals of 
each southern subspecies used in the interspecific 
simultaneous introductions were used in the intraspecific 
Simultaneous introductions. For each species there were 
three male-female matches, two male-male matches, and two 
female-female matches. The total number of aggressive 
encounters observed for the seven matches of amoenus 
(782) was significantly larger than the total number of 
aggressive encounters for the seven matches of minimus 
(405) (P<02001)<heThesexdatat further support: the 
observations of Sheppardy (1971)}»thatsEiva.tluteitventgis is 
more aggressive than E. m. oreocetes. Although sample 
size was small, there was a trend in both species to use 


the trees more than the rocks during the interactions. 
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Results--Northern Subspecies 


Ten individuals of each of the two northern 
subspecies were matched and the results are presented in 
Table 7. Amoenus was dominant in 8 of 10 matches. This 
us" not a significant difiterence (0.1>P>0.05), although 

a hie may be due to small samplersize. However, the total 
number of encounters won by amoenus (756) is significantly 
greater than those won by Mingus CoZ2L) (P<O.00L). 1 the. 2 
dominant minimus contributed 99.3% of the total encounters 
won by all 10 minimus; and the 8 dominant amoenus 
contributed. 100%-of the total encounters won by all 10 
amoenus. Interacting individuals of both species spent 
Significantly more timegin the trees (minimus: 5/.2%, 
P0052) amoents: 09.14. P0200 1). 

Ks Hs Obvious trom dabble 74. an. analysis, of the 
first five encounters between individuals of the northern 


subspecies does not change the outcome of these matches. 


Summary 


In matches between the southern subspecies 
introduced simultaneously, amoenus failed to dominate a 
significantly larger number of matches than minimus, but 
won a significantly larger number of total encounters. In 
matches where minimus was placed in residence prior to 
the introduction of amoenus, each species was dominant in 


half of the matches. However, resident minimus won a 
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Agonistic encounters between the two northern 
subspecies introduced simultaneously. 
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significantly larger number of encounters. 

In matches between the northern subspecies 
introduced simultaneously, amoenus was dominant in a 
larger number of matches and a significantly larger number 


of encounters. 
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DISCUSSION 


I placed the emphasis of this study on the 
southern subspecies, where minimus and amoenus are 
altitudinally zoned in the manner characteristic of many 
species of chipmunks in montane areas of western North 
America and where a previous study (Sheppard 1965, '68, 
"69, '71, '72) delineated much of the biology of the two 
species. The northern subspecies are not altitudinally 
zoned and were studied to compare their habitat 
relationships with those of the southern subspecies. For 
these reasons I have divided this chapter into three 
sections. In the first, I discuss the relationships of the 
southern subspecies. The northern subspecies are compared 
with the southern subspecies and other studies in the 
second section. In the third section I discuss the 
possible zoogeographic histories of the four subspecies 
that contributed to the development of their respective 


habitat relationships. 


Southern Subspecies 


Although the two species are altitudinally zoned 
in Goat Valley, they each have a wide variation in habitat 
use, as shown in Fig. 4. However, the data in Fig. 4 do 
not take tree-line into account. For example, captures 


of amoenus in rock were made along the edges of talus that 
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penetrated the continuous forest, while captures of 
llinimus in rock were made in the alpine or within talus 
that penetrated the forest. Captures of amoenus in meadow 
were made in Fonear meadows, while captures of minimus in 
_meadow were made above tree-line, or in the subalpine. 

All captures of the two species in the subalpine 
were made along the valley slope where the subalpine is a 
narrow belt, being only a few meters from the alpine and 
the continuous, forest. $A variety of food available in 
the subalpine and the proximity of that zone along the 
valley slope to talus and tree cover may explain the high 
use of that habitat by both species. 

| Most captures of minimus were made in or near 
talus. The absence of this chipmunk in the broad subalpine 
region of the valley may be explained by the lack of talus 
there. 

Most captures of amoenus were made in or near 
trees. However, no amoenus were captured in the broad 
subalpine region, where presumably there is adequate 
habitat... It. thus appears, that conditions other than 
interspecific agonism are preventing either species from 
Seon the broad subalpine in Goat Valley. 

Of the 17 amoenus transplanted to the alpine in 
11971,; none was,found there in 1972... Sheppard..(1971: 326) 
stated, «\.5- “with introductions such as. these,. negative 
results are inconclusive because the animals may simply 


leave the area of introduction." Indeed, it appears that 
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homing behavior may have played a significant role. 
Broadbooks (1970) reported one chipmunk in four (25%) 
returning to its home area when released one mile (1610 m) 


away. Of the animals released in Goat Valley, 12% 


returned to their original areas, some 3000 m away; and 35% 


were known to have reached the open forest, although at 
least two of these individuals established themselves in 
other than their original areas. 

Whether amoenus is capable of living in the alpine 
remains to be established. However, the apparent seasonal 
migration of some individuals from lower Goat Valley to 
the lower limit of the broad subalpine in August, suggests 
that the upper valley may not be able to support a viable 
amoenus population throughout the season (Meredith 1974). 
Foraging in the alpine and broad subalpine may not be 
energetically feasible for amoenus, whereas minimus may 


be adapted in terms of size, physiology and behavior to 


survive in the alpine throughout the year (Sheppard 1971). . 


Small size may be an important adaptation of 
chipmunks that live solely in the alpine. In the Sierra 
Nevada alpinus lives solely in the alpine and is smaller 
(about 39 g) than its forest neighbor, speciosus (about 
71g). (Heller and Gates 1971). «like alpinus, E. m. 
oreocetes lives solely in the alpine and is smaller than 
its neighbor, amoenus (Sheppard 1968, and Appendix 1). 
Eutamias minimus oreocetes is also smaller than its 


nearest conspecific neighbor, E. m. borealis (Appendix I), 
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which lives in the forest. The question arises whether 
the two alpine chipmunks have evolved a small size to 
survive in the alpine. Why would small size be 
advantageous in the alpine? 

In a reexamination of Bergmann's rule, McNab 
(1971:846) argued that "large individuals of a species lose 
more heat via their surface than small individuals, if all 
other factors (such as temperature differential between the 
body and the environment and the insulative value of the 
coat) are equal, because large individuals have larger 
surface areas. than small individuals." Thus, large 
individuals require more energy than small individuals. 
Where the food supply is sparse, small body size may be 
advantageous. 

| Thus, it may be advantageous for an alpine 
_chipmunk to be relatively small, as the growing season is 
shorter than in lower elevations, and food source patches 
are sparsely distributed. As pointed out by Vaughan (1974), 
animals that hibernate must take in a greater amount of 
energy than is required to sustain them during their 
active season (in the case of chipmunks, the energy 
required during the winter is stored as food in the burrow, 
Broadbooks 1958). Because of the shorter growing season, 
alpine chipmunks have less time during the active season to 
forage and store food than their counterparts at lower 
Spey tity Because food source patches are sparsely 


distributed in the alpine (some not being available in 
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Goat Valley until late July as a result of late snow-melt), 
more energy may be expended by alpine individuals to 
gather food than is expended by individuals at lower 
elevations where food sources are presumably not as 
sparsely distributed and the snow-melt is earlier. Thus, 
a large individual with a large energy requirement may not 
be able to visit enough patches in a day to sustain itself 
and store food. This, combined with the shorter daily 
foraging time available, may account for the inability of 
amoenus to maintain a stable population in the alpine and 
successfully compete with minimus there. 

The lack of significant incursion by adult amoenus 
into former minimus area on Volcano Ridge rockslide may be 
explained by this hypothesis. An inadequate food supply 
may be preventing amoenus from invading the interior of 
the slide. Amoenus may only utilize the edge of the slide 
to make nests and seek refuge’ from predation, while being 
close to the forest where the food supply is probably more 
abundant and varied (Sheppard 1965, 1971). 

| However, the data from Volcano Ridge may be the 
result of other factors. The experiment may have been 
terminated too early for a resident population of amoenus 
to become established in the absence of minimus. 
Different individuals at different times of the year are 
being compared without a control. Thus, the data do not 
support or deny the hypothesis that minimus excludes 


amoenus from alpine rockslides. 
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Is competitive exclusion occurring between the 
two species? From Sheppard's (1971) transplant: and 
agonistic data it can be concluded that amoenus is 
preventing minimus from invading the forest. However, 
neither species occupied the broad subalpine in Goat 
Valley, suggesting that other factors may be involved. The 
negative results from Sheppard's (1971) transplants, the 
Goat Valley transplants, and the Volcano Ridge rockslide 
experiment fail to answer the question of whether minimus 
excludes amoenus from the alpine. As argued by Sheppard 
(1971) and myself, amoenus may not be adapted to the alpine 
environment; but this may be a result of its exclusion from 
that environment, and not being subjected to the selection 


pressures that would necessitate alpine adaptations. 


Hoffmann (in Sheppard 1965) observed that b.a habe i ventr1s 


lives in the alpine of western Montana when E. nm. oreocetes 
is absent. Thus, competitive exclusion may be restricting 
each species to its respective habitat, or perhaps the 
relationship has evolved into one of mutual avoidance, in 
which each animal selects and remains in its optimal 
habitat. As argued by Sheppard (1971) the fundamental 
niches (Hutchinson 1957) of both species are quite similar, 
but through long association along a contiguous boundary 
their niches may have narrowed through competition, 
temperature tolerance, habitat selection, or some other 


specialization. 
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Habitat Selection. In the habitat SElertnen 
experiments, habitat experienced individuals of both 
species significantly selected rock over trees in both day 
and night {(Tablres2)..° this lack of difference between the 
species may be explained in several ways. 

First, habitat selection may not be a factor in 
the apparent competitive exclusion between these species. 
Both species are selecting the rockslide as the best 
habitat for nest site placement and foraging when food and 
water are available in both habitats. Rockslides provide 
continuous ground cover, which is probably important to a 
diurnal animal foraging in relatively Rredvnabitete where 
it may have to seek concealment from predation quickly. 
Selection of the rock habitat may not be a response to 
the rocks themselves, but to the quality of the cover 
provided by the habitat. 

Reilly (1971) found that minimus from Upper 
Michigan preferred habitats ercheune er ceed horizontal 
visibility and high perches. Rockslides are good examples 
of a habitat with both of these factors. The relative 
lack of tree cover increases horizontal visibility. Large 
boulders positioned at high points orrthe slide provide 
high perches. Most of the chipmunks that I observed on 
rockslides were first seen on such boulders. | 

A second factor that may explain the lack of 
difference in selection behavior between the species is 


that the selection factors that I chose to test (structure 
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of rock and trees) may not be the factors selected in the 
field. Chipmunks may select their habitats on the basis of 
food preference or microclimatic factors. Sheppard (1965, 
1971) analyzed the contents of cheek pouches of collected 
animals and found the food habits of amoenus and minimus 

to be similar. "Such differences as exist can readily be 
explained in terms of seed availability and do not seem to 
reflect differences in food preference," (Sheppard 1971: 
324). 

Third, my representations of these habitats may 
not have been adequate. That is, the observation room 
may have been too small, the rock pile too shallow, or the 
trees too short. The plastic canopy over the tree habitat 
may have blocked too much light, making that habitat more 
like a closed forest than the open forests inhabited by 
E.. a. luteiventris. 

However, data from the naive individuals do show 
interspecific differences in selection behavior (Table 3). 
Naive minimus selected rock over trees in both time 
periods, while naive amoenus did not select one habitat 
over another. Thus, it appears that the response to the 
rock habitat by minimus is at least partly innate, and 
amoenus learns to select rock as optimal habitat. Indeed, 
in the southern Alberta Rocky Mountains, the few rockslides 
that are surrounded by forest are utilized by amoenus. If 
amoenus learns to select rock, why would an innate 


preference for rock be advantageous to minimus? 
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‘This question was addressed by Wecker (1963) 
concerning Peromyscus maniculatus bairdi and its innate 
selection response for the "field" habitat. He concluded 
that learned habitat selection behavior or habitat 
imprinting requires a "period of habituation" during a 
critical period of the life of an individual, probably 
shortly after the individual Heawes -ene ese. “FE sure 
environment remains relatively stable, an inherited 
response to an optimal habitat may be advantageous to an 
individual. If the environment is changing, such an 
inherited response may not be advantageous, and those 
animals that must learn which habitat is optimal may be 
more successful in surviving and producing offspring. 

, In the alpine, rockslides provide the only 
continuous cover that has vertical depth and is present 
throughout the year. Meadow plant communities provide 
seasonal cover, but with little vertical depth. A chipmunk 
being pursued by a predator would not have the variety of 
escape routes in a meadow community as it would in a 
rockslide. Because rockslides have vertical depth, they 
also provide better cover from weather than meadow 
communities. A young alpine chipmunk that innately selects 
the cover quality of a rockslide as a refuge from predation 
or weather, may have a higher probability of survival over 
a young chipmunk that must learn to select rockslides. 

Amoenus may inherit a generalized response to 


habitats that provide cover. In the forest there are 
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many cover types that provide vertical cover in depth 
(e.g. tree canopies, brushpiles, rockslides) and it may 
not be advantageous for a chipmunk to inherit a response 
for just one type of cover. 

The habitat selection data suggest that minimus 
innately selects a cover type that is found frequently in 
the alpine and this may result in restriction to that zone, 
except where Betas: penetrate the forest from the 
alpine. However, the habitat selection data do not suggest 
that amoenus is restricted to the forest. If amoenus is 
dominant in agonistic encounters, and it is assumed that it 
can adapt to the alpine, why doesn't it invade and replace 


minimus in the alpine? 


Interspecific Agonism. The results from the 


interspecific agonism experiments are inconclusive 
concerning the dominance of amoenus. In the simultaneous 
introductions amoenus won a significantly larger number of 
total encounters, but failed to dominate a significantly 
larger number of matches (Table 5). Since the dominant 
individuals can account for most of the encounters won by a 
species (lables. 5,,.0,/andq 7), £ £eel? that thesnumber of 
individual matches won and lost is the important criterion 
to be considered when evaluating the aggressive dominance 
of a species. Although the dominance of amoenus might have 
been substantiated with a larger sample size, it is clear 
that the dominance of amoenus was not as conclusive as 


suggested in Sheppards' (1971) simultaneous introductions. 
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Sheppard (1971) used small arenas containing, at 
the most, only nest boxes and a hollow log. In his 
experiments individuals could only retreat to a nest box 
or the hollow log to avoid their opponents. In my tests 
the individuals could easily avoid each other's presence 
without having to seek a hiding place by simply moving to 
the other habitat. Sheppard's experimental design isolated 
aggression from the many other factors that are present in 
the field. My design introduced two more factors, large 
arena size, allowing avoidance, and habitat structure. 
These may have been responsible for the inconclusive 
dominance of amoenus in my results. 

During matches, both species (including the 
northern subspecies) spent most of their time in the trees, 
which contrasts with their behavior in the habitat 
selection experiments. Likewise, the majority of 
encounters occurred in the trees (Appendices III and IV). 
When interacting, a chipmunk may prefer to be on the 
highest perches available to observe its opponent. When 
both individuals were in the trees the dominant chipmunk 
usually positioned itself at the top of a tree and intently 
watched its opponent below. The subordinate occasionally 
climbed the tree and attempted to solicit a cohesive 
interaction (naso-nasal or naso-anal, Sheppard 1965) which 
usually ended in the dominant chasing the subordinate from 
the tree. If dominance had not been established, the 


individual that was on a tree top was usually attacked by 
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the other individual and a chase ensued. 

In the rocks the pattern was similar, except that 
the dominant individual appeared less tolerant of the 
presence of the subordinate. If the subordinate was 
visible to the dominant, the dominant usually gave chase. 
The subordinate avoided such chases by going into the rocks 
or leaving the habitat. In the trees, however, the 
dominant appeared to be more tolerant of the subordinate, 
as long as the latter did not climb high in the trees. 

From the above observations, I conclude that each 
individual was not as stressed as it would have been in a 
smaller, less complicated arena. It was not necessary for 
the subordinate to hide in its nest to avoid interaction. 
Indeed, subordinates initiated many interactions even 
though dominance appeared to be established. 

- As found by Sheppard (1971), minimus is more 
hesitant and less active than amoenus (Appendix II). In an 
arena where the individuals cannot avoid their antagonists, 
perhaps the initial reaction of minimus is to escape the 
bolder amoenus, and thus lose the first encounters. After 
such losses minimus may not be able to reverse the 
"aggressive momentum" established by amoenus. In a larger 
arena, minimus may be able to avoid interacting with 
amoenus until it is ready to approach its opponent on its 
own terms, when it may best be able to dominate an 
encounter. Of course, amoenus would benefit from the 


larger arena in the same way, but minimus may receive 
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greater benefit, because of its more hesitant and generally 
cautious behavior. 

The dominance reversals support the above 
contention. The two individuals in each of these matches 
were nearly equal in their aggressiveness. Because each 
individual was able to avoid the other when the encounters 
were not in its favor, a one-sided dominance was prevented. 

When minimus was a resident of the artificial 
habitats for one day prior to the introduction of amoenus, 
neither species was conclusively dominant over the other. 
Indeed, minimus won significantly more total encounters 
than amoenus although both species won an equal number of 
matches (Table 6). If just the first five encounters of 
each match are analyzed, then minimus won a larger number 
of matches, as well as a significantly larger number of 
encounters. Thus, residency may play an important role 
in the outcome of an interaction between these two species. 

When an amoenus was introduced into the 
artificial habitats, the resident minimus usually 
initiated the first encounter. This was followed by a 
large number of interactions that usually determined the 
dominance for the remainder of the match. However, if 
amoenus dominated a match, minimus would continue to 
initiate interactions and occasionally dominate them. As 
shown in Table 6, subordinate minimus won significantly 
more encounters than subordinate amoenus. It thus 


appeared that resident minimus were attempting to drive 
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invading amoenus out of the arena. In the field an 
amoenus being unfamiliar with the home area of minimus, 
might leave ehe area after the first few encounters. A 
minimus that is subordinate to an invading amoenus may 
also be able to drive out the invader by continually 
harassing it, resulting in the invader spending too much 
time and energy chasing its antagonist to successfully 


occupy the habitat (i.e. aggressive neglect, Brown 1971). 


Northern Subspecies 


The northern subspecies, E. minimus borealis and 
E. amoenus ludibundus, are geographically (horizontally) 
parapatric in Alberta (Fig. 7), both living in forested 
areas. While both species reside in the mountains of 
Jasper Park, the majority of the range of E. m. borealis 
mainly occupies the boreal forest (taiga) to the east and 
northe (Figsil,cand?tHalinandiKelson:1959)5jiandiEy a: 
ludibundus occupies the mountains of interior British 
Columbia (Cowan and Guiguet 1965). 

I observed amoenus in Jasper Park to be 
associated with closed forests (overlapping tree canopies), 
characteristic of the moist forests that cross from British 
Columbia into western Jasper Park. Minimus in Jasper Park 
tends to be associated with open forests (non-overlapping 
tree canopies) characteristic of many of the forests in the 


eastern front ranges of Jasper Park. 
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Habitat Selection. In the habitat selection 
experiments on the northern subspecies, I used only 


habitat-experienced individuals. Therefore, I tested the 


composite of innate and learned habitat selection behavior. 


Minimus significantly selected rock over trees in both 
time periods, while amoenus did not particularly select 
either habitat during the day and selected rock during the 
night (Table 4). Thus, three of the four subspecies 
studied prefer rock over trees during the day. One of 
these subspecies lives in the alpine where talus is the 
only continuous cover available with vertical depth. The 
other two live in open montane forests, where talus may be 
preferred over other types of cover, when available, 
because it provides continuous ground cover. 

Eutamias amoenus ludibundus, however, lives in 
forests with relatively continuous tree canopies that 
reduce light penetration and thus the visibility of 
animals foraging beneath them. This chipmunk may be 
behaviorally adapted to the closed forest to reduce its 
exposure to predation. It may have selected either 
artificial habitat because both provided a continuous 
cover, on the ground, in the rocks, and vertically in the 
trees. The other two forest dwelling subspecies, E. a. 
luteiventris and E. m. borealis, may not have selected the 
artificial tree habitat because the plastic canopy did not 
represent the tree canopies of the open forests. Their 


behavioral adaptation to the open forest may cause them to 
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prefer a habitat with vertical visibility that was not 
provided in the artificial tree habitat. 

All four subspecies preferred rock during the 
dark time period (Tables 2 and 4). Thus, I conclude that 
the rock habitat in the laboratory provided better cover 
for nest placement than did the tree habitat. Little is 
known about the distribution of nest sites in various 
types of cover in the field. Broadbooks (1958) and 
Smith (1973) have documented use of burrows by Eutamias 
in areas with little cover. Use of talus for nest placement 


has not been observed and would be difficult to confirm. 


Interspecific Agonism. “Heller (1971) postulated 


that interspecific aggressive dominance would evolve in 
chipmunk species that defend sparse, potentially limiting 
food supplies. Minimus is an exception to that hypothesis. 
Sheppard (1965) reported that where minimus is the only 
species of (Eutamias, it 1s found in forested areas. ~fn 
regions where other species of Eutamias may be potential 
competitors, minimus is restricted to non-forested 
habitats, e.g. alpine and sagebrush, while the other 
Eutamias species occupy the forest. Sheppard argued that 
the forest habitat -is optimal in terms of food sources 
for Eutamias and that minimus is excluded from the forest 
by other species that it comes in contact with. As shown 
in Table 7, E. a. ludibundus was dominant over E. m. 


borealis in agonistic experiments in the artificial 
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habitats. Therefore, in three studies of the interspecific 
aggressive dominance between potentially competing 
subspecies of minimus and amoenus, minimus was found to be 
subordinate to amoenus (E. m. scrutator and E. a. monensis, 
Boller. 1971; Exum. Oreocetes ‘and E. a. luteiventris, 
Sheppard 1971; EB. m. borealis and E. a. ludibundus, this 
study). In two cases the subordinate minimus occupies 
non-forested habitats (E. m. scrutator and E.. m. oreocetes) 
while amoenus occupies the forest. In the third case both 
occupy the forest. Both species are wide ranging and 
Occupy various habitats (Sheppard 1965), yet the dominance 
relationship seems to remain the same. Instead of the 


habitats occupied determining the dominance relationship, 


the dominance relationship appears to determine the habitats 


occupied. 

As noted by King) (1973) most studies: of ‘the 
ecological determinants of agonistic behavior in rodents 
have concentrated on population density. However, "density 
is only one correlated variable with these behavioral 
changes and need not be the causal mechanism," (King 1973: 
179). \Thesrel@eaonships of 4 species to, it seprey , 
predators, habitat, -anduthessocialvstructure of its 
population probably play a role in determining its 
aggressiveness. Heller's (1971) dominance hypothesis 
associating aggressiveness to sparse food sources may 
apply to the case of alpinus; but, I do not believe it can 


be applied to minimus and amoenus. 
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Zoogeographic Relationships 


As described by Armstrong (1972), zoogeographers 
seek to explain the distribution of animals by the 
analysis of data from various systematic and ecological 
disciplines. "The ultimate problem of zoogeography is to 
ascertain the ongoing historical succession of ecological 


conditions responsible for the evolution of observed 


distributional patterns," (Armstrong 1972:318). The present 


distributions in Alberta of the two species of chipmunks 
I studied were probably affected by the interaction of 
changing climatic, geological and ecological conditions. 
I assume that their various behavioral, morphological, and 
physiological characteristics affected, and were affected 
by, their zoogeographic histories. I have attempted the 
following zoogeographic analysis of the four subspecies 
concerned to help explain how their parapatric 
relationships may have developed. The following discussion 
is speculative and based on little detailed information. 
The ice sheets of the Pleistocene greatly affected 
floral and faunal dispersal patterns in North America. 
Because the Laurentide and Cordilleran Ice Sheets covered 
most of Alberta during the Wisconsin glaciation (Stelck 
1967), the species of most plants and animals found in 
Alberta today have invaded the province since that 
glaciation. By examining the present day distribution of 


a species, one is able to suggest probably faunal origin 
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(in a broad geographical area) and various routes of and 
barriers to its dispersal. Many small mammals are 
potentially vulnerable to climatic factors, because most 
cannot seasonally migrate large distances to avoid extremes 
in their environments. 


Both minimus and amoenus are wide ranging species, 


probably originating somewhere in the western United States. 


From their range maps (Hall and Kelson 1959) it can be 
postulated that minimus followed the retreat of the 
Laurentide Ice Sheet north through eastern Montana to 
eastern and northern Alberta and Saskatchewan. From there 
it expanded east, as far as Quebec, and west into the 
Rocky Mountains. 

Amoenus has a somewhat more restricted range than 
minimus, occupying the northwestern United States, British 
Columbia and Alberta (Hall and Kelson 1959). It probably 
followed the retreat of the Cordilleran Glacier Complex 
north into the mountains of British Columbia and Alberta. 

The greater part of the range of E. a. ludibundus 
is in the mountains of interior British Columbia. Cowan 
(1946) interpreted its range in Jasper Park as 
representing an invasion from the west. Yellowhead (1131 m 
in elevation, Fig. 8) and Robson (1652 m in elevation, 
Fig. 8) passes were the most likely principle routes used. 
Both of these passes are forested and provide no 
ecological barriers to this species. From the Miette 


River this species probably invaded the forested areas to 
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the south, along the Athabasca River. There are a few low 
elevation, forested passes along the Continental Divide 
south of Yellowhead Pass, but according to Cowan and 
Guiguet (1965) ,;~E. a. luteiventris occupies’ the forest to 
the west of the divide. Whether E: a: ‘ludibundus 
intergrades with E. a. luteiventris in the vicinity of 
these passes is not known. 

Both species may have invaded the Athabasca River 
valley in Jasper Park from the east and west, respectively, 
at relatively the same time; or minimus may have been 
excluded from the Miette River and upper Smoky River 
valleys by the aggressively dominant amoenus when the 
passes were freed of ice. Their parapatry along an 
environmentally continuous boundary (unlike the alpine-- 
forest boundary) may be due to the prior residency of 
minimus combined with other unknown factors that allow that 
chipmunk to compete successfully with amoenus east of the 
boundary. The two known areas of marginal sympatry 
(Fig. 8) may represent particular habitat mosaics that 
allow the two species to divide the resources between 
themselves, without one species displacing the other 
(MacArthur and Wilson 1967). .At Wilcox Pass (Fig. 8), I 
observed the range overlap to occur in the subalpine tree 
island--meadow mosaic, a condition similar to that found 
in the Washington Cascades where E. amoenus and E. 
townsendii coexist in subalpine areas (Meredith 1972). I 


did not investigate the area of sympatry north of the 
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confluence of the Miette and Athabasca rivers (Fig. 8) 
reported by Soper (1970). However, the area appears to be 
a continuation of the grassland--forest mosaic that I 
found at Devona (confluence of Snake Indian and Athabasca 
rivers, Fig. 8). That amoenus does not occupy this 
habitat with minimus at Devona may be a result of the 
distance of Devona from the allopatric range of amoenus. 
To maintain a competitive population in these marginal 
sympatric areas, at least one species may have to recruit 
individuals from its allopatric population in order to 
match the number of reproducing females per female parent 
produced by its competitor's sympatric population 
(Debach 1966). Such an hypothesis awaits further study of 
the reproductive and general biology of these two subspecies 
in Jasper Park. 

The North Saskatchewan River valley in Banff Park 
(Fig. 9) was probably invaded from the east by E. m. 
borealis. Valley glaciers at the head of the North 
Saskatchewan, Sunwapta and Athabasca rivers may have 
prevented E. a. ludibundus from invading the North 
Saskatchewan Valley prior to invasion by E. m. borealis. 

In British Columbia E. a. luteiventris occupies 
all of the western slope of the Rocky Mountains from Mount 
Robson Provincial Park to beyond the U.S. border (Cowan 
and Guiguet 1965). It may have invaded Banff Park 
through Kicking Horse (1628 m in elevation, Fig. 9) and 


Vermillion (1651°m in elevation,.Fig: 9) passes.» These 
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passes are forested and offer no ecological barrier. 
However, another invasion route may have been from the 
south. It is possible that the above passes were covered 
by ice (Reeves 1973) when E. a. luteiventris invaded the 
ice-free valleys of British Columbia. The Montana 
populations of this chipmunk may have followed the forest 
development north along the eastern slope of the Rocky 
Mountains, eventually invading the Bow Valley from the 


south and east. 


Today; both E:°m- "borealis and E.. a: luteiventris 


occupy the Bow Valley, but parapatrically along the Bow 
River. If the aggressive dominance relationship between 
these two subspecies is similar to the relationship 
between other subspecies of minimus and amoenus, and if 
interspecific aggressive dominance is an important 
competitive factor in this penaraeashep, then the Bow 
River valley was probably initially invaded by E. m. 
borealis, as that chipmunk probably would not have 


excluded a’resident R® a. luteiventris population. . The 


valley south of the river was subsequently invaded by E. a. 


luteiventris which excluded E. m. borealis there. Why had 
E. a. luteiventris not successfully invaded north of the 
Bow River? 

The Bow River is an effective barrier to small 
mammals during the non-winter months because of its width 
and fast current. However, during the early spring when 


there is ice on the river and chipmunks are active, it 
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would be conceivable for chipmunks to cross the river. 
Indeed, other rivers of similar size (e.g. North 
Saskatchewan and Athabasca rivers) have been readily 
crossed. Therefore, I doubt that the Bow River alone is 
responsible for the boundary between the two species. 

Because the river forms an effective barrier 
during most of the active season for chipmunks, E. a. 
luteiventris may not have been able to establish a 
colonizing population north of the Bow River, where E. m. 
berealiswas already present) dif tavfew.E & ia. luteiventris 
individuals crossed the river into unfamiliar territory 
during the early spring, they may have been dominated by 
a superior number of resident E. m. borealis individuals. 
This would be unlike the condition of an invading 
population of chipmunks crossing a river into new 
territory unoccupied by another species of chipmunk, or a 
population of competitively dominant chipmunks continually 
invading (no seasonal barrier) the range of a subordinate 
species throughout the active season. 

The origin of E. m. oreocetes presents an 
interesting zoogeographic problem. Cowan (1946) argued 
that E. m. borealis intergrades with E. m. oreocetes 
in the alpine of the Continental Divide in Banff Park. 
Banfield (1958), who investigated the Bow Valley, considered 
the minimus population on the Continental Divide to be 
E. m. oreocetes, since the chipmunks there are smaller and 


grayer than E. m. borealis, and are ecologically and 
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geographically isolated from E. m. borealis. 

The range of E. m. oreocetes is small, extending 
from southern Banff Park to northwestern Montana (Hall 
and Kelson 1959), solely in the alpine of the Rocky 
Mountains’ V1 thes progenitor ‘of Esvin; Oreocetescwas E. m. 
borealis (the closest conspecific neighbor) and if E. a. 
luteiventris is competitively dominant over E. m. borealis 
mathe forest; then oneycan argue that —. \m.. borealis 
initially resided in the forested valleys of the east slope 
of the Rocky Mountains, south of the Bow River. The 


dominant E. a. luteiventris subsequently invaded those 


forested valleys and excluded the subordinate E. m. borealis 


from the forest. Because minimus had established a 
resident alpine population adapted to alpine conditions, 
E..a. luteiventris. (not,so adapted) was unable to exclude 
minimus from that habitat. However, a second hypothesis 
concerning the origin of E..m. oreocetes should be 
considered. 

The Cordilleran Glacier Complex of the Wisconsin 
glaciation extended along the Rocky Mountains to just south 
of the Alberta--Montana border, where it broke up into 
discontinuous valley glaciers in the higher mountains 
(Alden, 1953) 4 elt fisaconcetvable that, E=-m..oreocetes 
may represent a population of minimus that was isolated in 
a mountain refugium south of the Cordilleran Glacier 
Complex. Although little is known about the environment 


in that area at that time, such an environment may have 
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produced a population of chipmunks adapted to life in an 
arctic--alpine habitat. When the ice retreated and other 
species of chipmunks followed the forests into the 
mountains, E. m. oreocetes may not have been a successful 
competitor in the forest, but was able to compete 


successfully insthe,jalpine: 
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CONCLUSIONS 


As pointed out by DeBach (1966:191), "most cases 
of competitive displacement in nature have already gone to 
completion."" The altitudinal parapatry of minimus and 
amoenus in southern Alberta is probably the result of a 
competitive relationship that developed when the two 
species invaded the Rocky Mountains of southern Alberta. 
The aggressive dominance of amoenus over minimus may have 
been an important factor when the two species competed in a 
common habitat. It probably reinforces the habitat | 
segregation that is evident today, although other factors 
may have developed to minimize the energy expended by 
individuals of both species in competitive interactions. 

The origin of: the alpine E.. m.. oreocetes possibly 
occurred through geographical isolation, or through 
isolation as a result of the invasion of a superior forest 
competitor. Amoenus may have been prevented from 
occupying the alpine by the presence of a resident species 
‘better adapted to alpine conditions. 

Interspecific agonism appears to play a role in 
the maintenance of parapatry for both species, each 
defending its habitat from incursions by the other. 
"Aggressive neglect" might be an important factor in the 
restriction of amoenus to the forest, tree-line being the 


limit to which aggressiveness may be of benefit to amoenus. 
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This species possibly utilizes too much time and energy 
Crasiainie its antagonists to successfully forage in the 
alpine. 

Habitat selection may play a role in the 
maintenance of parapatry for minimus, but not for amoenus. 
Because: minimus 18 restricted to the alpine by the presence 
of amoenus in the forest, and because cover is important 
to the survival of a diurnal small mammal, minimus seems to 
have developed an innate preference for the cover quality 
of talus, the one type of continuous cover with vertical 
depth available in the alpine. Because amoenus has a choice 
between several types of cover with vertical depth, it has 
not specialized its preference. Therefore, its habitat 
selection may not restrict it to the forest to the extent 
that minimus is so restricted to the alpine. 

Of the. two factors. 1. investigated, only 
interspecific agonism appears to play a role in the 
FeStriction yof amoenus sto the: terest. Both habitat 
selection and interspecific agonism probably play roles in 
the restriction of minimus to the alpine. 

Northiof the, Bow River; preference: Ofsk.. a. 
ludibundus for closed forests might restrict it from 
occupying the open forests of the eastern front ranges. 
Presence of a resident minimus population in the open 
forest possibly reinforces this ‘restriction. Similarly, 
preference of E. m. borealis for open forests might 


restrict it from occupying the closed forests of the 
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Continental Divide, especially when those forests are 


occupied by an aggressively dominant amoenus population. 
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APPENDIX I 


Table of mean weights (X) and standard errors (SE) in grams 
of adults of the four subspecies of chipmunks weighed after 
Capturewat the followang locations: E. m. borealis in July 
at Devota, Jasper, N.P.j;; iE. a..ludibundus in July at Derr 
Creek, J.N.P.; E. m. oreocetes in June at Sheep-Elbow 
Summit, Bow River Forest; and E. a. luteiventris in May and 
June in the Sheep River drainage, Bow River Forest. Data 
were treated with the t-Test (Sokal and Rohlf 1969). 


N Xx SE 

Northern Subspecies 

E. m. borealis 16 4547 +ES6 

SE a OR ia hk 

Eye. ludibundus 20 BVE3 +0) 
Southern Subspecies 

Es m. oreocetes 22 39.0 Bl dae: 

es 7 PER oe KKK 

E@ as. Wuceiventris 20 AT a5 20.8 


*& Significant differences between means, P<0.01; 
A** Sionificant difference. betwéen means, P<0. 008% 
Both intraspecific comparisons are significantly 
different: E. minimus P<0.001; E. amoenus, P<0.01. 
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APPENDIX: Ii 1 


Number of agonistic encounters won by each individual in 
each match between the two southern subspecies of minimus 


(m) and amoenus (a). 


A. Simultaneous Matches. 


Sex Rock 
of Pair m a 
male 13 13 
male 0 44 
female 4 0 
female 0 50 
male 58 0 
male Lf 27 
male 0 20 
female 0 V2 
female 0 69 
male 0 0 
male 5 Zo 
female Z 29 
female is 21 
female el7 a2 
Totals phe SWAG 


B. Resident minimus Matches. 


Sex Rock 
of Pair m a 
male Ls 0 
male 65 0 
female 46 0 
male 10 44 
male t 19 
female D 38 
male fi 19 
female 21 0 
male 43 10 
male 30 0 
female 0 26 
male ie ee) 
Totals 244 204 
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Trees Total 
m a m a 
33 38 46 a 
0 ik 0 12 
va 3 15 3 
0 Zi Ja 0 
51 0 109 0 
10 "4 ne | 34 
0 45 0 65 
0 60 0 HS:Z 
0 94 0 163 
4 29 4 29 
2 74 vi 97 
ib 74 3 103 
27 2 ZS, 42 
52 Sa 169 4 sks 
191 WA) 322 895 
Trees Total 
m a m a 
97 ik 110 1 
iss 0 80 0 
Si 1 83 i 
2 76 WZ 20 
i 74 Z 93 
14 42 19 80 
4 35 11 54 
56 0 Tal 0 
108 15 eS 25 
4] 0 71 0 
0 34 0 60 
2 eee 28 138 
400 368 644 Sree 
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APPENDIX IV 


Number of agonistic encounters won by each individual in 
each simultaneous match between the two northern subspecies 
of minimus (m) and amoenus (a). 


Sex Rock Trees Total 
of Pair m a m a m a 
female 0 23 0 29 0 52 

male 0 33 0 99 0 P32 

male 0 42 1 80 i 122 
female 0 Ake) 0 54 0 67, 

male 68 0 86 0 154 0 
female 0 22 0 64 0 86 
female 0 38 i 46 1 84 

male 0 35 0 28 0 63 

male 0 60 0 90 0 150 

male 55 0 110 0 165 0 
Totals ZS 266 198 490 So 756 
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